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Title: 

BORON PHOSPHIDE TYPE SEMICONDUCTOR DEVICE, METHOD OF 
MANUFACTURING IT, LIGHT-EMITTING DIODE AND BORON PHOSPHIDE 

TYPE SEMICjfJ^p^gTOR LAYER 

PROBLEM TO BE SOLVED: To provide a boron phosphide type semiconductor device, in 

which a characteristic is advanced, providing a polycrystalline boron phosphide type 
semiconductor layer stably including twins which have twin faces having specific crystal 

directions. 

SOLUTION: A substrate is formed with (111) Si single crystals having surfaces 
constructed with (111) crystal faces, a laminated boron phosphide type semiconductor 
layer is constructed with a polycrystal layer in which a plurality of single crystal body, 
which has a bottom face formed with (111) the crystal face and also is surrounded by a 
face equivalent to (111) the crystal face, constructed with square spindle shape boron 
phosphide type semiconductor crystals are got together; further, the single crystal body 
has a twin boundary surface having a tilt angle of 60 degrees against (110) a crystal 

orientation of the substrate. 
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(57) [KM] 

[Ml #*£©*gift:fcfflfrSiaBi-r.53KiBi 

iffifc^m] sffi^, ^bs- {111} &&mk-rz 
din -si m&Mi t u ^(D±.i~mm-tz> v 
mmm^mfrmz, an} '&&mfrbtez>&m*^ 

U J.o {111} j&*Et3Hffi#E-effl£;h,fc, S«c 
f4g*£<D< 110 >ttfi^|$HC»LT 6 OSC^Sfd 
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[fit#iii] mm (si) mm&frbttzmmt. tm 

ir-ts din -si m&£kfrt>te<9, BNtewy 
sjm^^ftjf (4, s«o {ill} &£km^nicm 

t£ ft U Io {ill} ^faSir^ffi^ET-ffl 10 

&m<D< 1 1 0 >^h%^ICMLT 6 Otf«D 

[»*jS2] mmv ^itmmik*mfcm<n>±.\z. i i i- 

n) ^-g-s-^u an i i -vmit&vo^mfcmtf. y 
v{kiis *m&m z f£-r mm^<omm\z ^n-r z>m 
gkffi<Dm$m m^-mm) \z-m-rz>mmx'm.mLti'& 20 

y >{M^^^#^m^„ 

^4i*:c0 y >-{bflBff? (boron monopho 
sphide) ^B^ib^S^tSr^mt-r -518*^1 

[ft*^4] mmv >-{tmm^¥m&mz. {111} 

- S i *^BlS«±t- 9 5 O'CtLh 110 0°C&.T(Di&. 

*^^v^r, ^r^JSfift^?^iSfi)cS& (mocvd 

m) (C«t 9, ^gi&S&fe^ 0 nm«±6 0 n mtlT 30 

- s i mm^ B mm±^ 1 o 2 s'cw.k 107 star© 
ta&jc^-c, mm&mm&ffim.tef&&&: (mocvd 

80 Jt «9 . j£fi:3i*%&#3 0 nmtUi4 0 nmtAT 

[ft^js 6 ] ts^is 1 u 3 (cta«© y >itmmM* 
m&m*frbtez>mx.y'<*-b\ 40 
[it*3i7] n (si) m&M>frbtezm&(Dmffi± 

^mzft-fz y xtmm^mfr&ikfriitez v wtw 
m^mw-m^m^x, mmtommK mm* {1 1 
1 } m&mt-tz {111} -si j(tfe**>b>!cD» st 
ieo y ^kws^m^^SJi, *«o {111} m&m 
(c^(cia?ij ufc y wbifi^ift^sro {111} 
&m%mfrht£Z>mM*ft\^, e.o {111} ^Biffii^ 
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&bi,mmmgkfctf. stsw< 1 1 0 >'&£kUfa\zm^ 
[0001] 

mwcom-tz&Wiftm] *mw&. mm (s i) 

[00 0 2] 

lifc&v&ffi) ^jfctcfcoT, (b) tyy (P) 
(bp) *mmL.x&%y-<ir—v (LE 

D) sgVMiU— WJ*— K (LD) ^W^^^fe^ 

9. 0 2 1^#fl8.) . f£3fe<©y ^{bWiUSfi^flcJB** 
^14, 0<J;il4\ ^m^ H B B (->y=i» a^ftSg^-h 

#&mi<^xmf&&tix^z (±E©*H«pfiFjiS6, 06 

9. 0 2 H§-#BE{) . SifiT'fi, K'OK^ts/^ 

mmn&frbmwzfrx ^5 (#gS2 001-1582 

8 2##RS) o 

[0 0 0 3] ->!)3ylfltn Slg^ffi 

^JidSfiKS-rSit^fiJKbTV^o 0iJ^(4^ffi^ {1 
0 0} ^alBir-TS {10 0} -Si {C 
14, SS^Btc^pffjciafiL/c {10 0} USABB^b^ 

^M^, t*mfr&ffi (±) J (1 9 9 2^6^2 5 
0, (it) **3MfctBfiR£*ff!B9JSiJ, 7 7I#I) . 
*fc, ->y = VS^g±tC(4, 3SJfl (twinning) 

*a/j:v^ y vftffli^iigMtt srtt 
Zatix^z (±|s<d r^frftfs (i) j , 9 8l# 

bs) , -^T'(4^ B B B ^tf { i o o } -y xtmmm^ 

(±) j , 9 9 — 1 0 0 M#fiP.) „ 
[0 0 04] 

i^.T'14, y WM^f'#*ttS?^B a B*4, M b b b*&T-P^ 
(±f5co r^^flcft^ (±) J , 10 OH#J#0 o Sto 

t, ^ B B B ^tfy ^immzk^mftrnzmm-ttiiiVr 

tt, 3B*»ftfc«*tSLEDSr#6»!:H|R-c# 

{kflim^ ¥^frs £ 2c* l t# 5 <d i-±mm 1 1£ o X v -» 

*S ?r®!jt-r 5 *>£ 4 o T I4t >4 v >7t 
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# -T 5 ( - £SS £ * L T ^ -5 o 

ft Sr^ffsffi £ -f £3Xb b b LT-ftf #)&bIcd y 

f^i»i^ix.5ctia^ fH4o[6j_hLjty v 

(DmVi<Dm&£hfrbteZ><nX'iite< „ ^fPait^B (2S? H B B 10 
®) (C. W. /^f, r{t^ B %^j (BgfP4 5^6 
1 5B, (tfc) JgStl^tt^liS, 7 5-7 6 H#fiS) 
W^B^-ft IMSi, $-frT/<£ S^fa 

[000 6] 

[g£]li£fl?&-r3fcfero3M§:] BP*,. *3§W»3\ (l) 
&m (Si) i^^/iSSfii, gSfirotiil: 

mtt-f 3 y Wkffl^^^tf^BTS^^S y WMI 

T\ HufE«S1S^, {111} ^ffiir-T-S {1 

1 1} - s iig^>p,4!); Bftteco y ^itmm^m 
<wsi±. s«o {iii} ^Baffitc^fcie^ijLfcu >• 

-fbflffl^^^f^B^O {111} ^SalB^^^SlSffi^ 

^WE^ii^W y v{M^m^^B B BCOm^B B BftSr« 

•^•^-tirfc^Bis^^^^tt, $ h^mm^mK 

SffiCXl 1 0 >ISi,M»LT 6 0S»^*T*{lV^ 
3f#Sfi^-o T'fo5<> 30 

[o o o 7] -£ti*mwi*. (.2) wmv^itmrnzk*- 
m&m<v±ici i i -vwnt&<to*>£frmfimmisi\x 
mf&ztiKmm (^n) ^^wl. ki i i-vssi 

fe(D D V-ffcffllSi (boron monophosphi 
de) m&frbteZ^ b^Wmtiri,±U (1) 40 
(2) (^ie*o y Wbfli8^^^ft:^^-„ 
[0 0 0 8] (4) iiufE y WUflBiSi^ 

{111} -Si l|M* B !««_hl£ 9 5 ox:u 
±110 OlCtlTOMS^^^T, fl-^JB^fl¥^ffl 
J&*i* (MOCVDS) l-.t'?. MiitJft^2 0n 
m»±6 0nmB(Ti: LTIMtS- t £r$H|!t<ti~<5Jb 

is (i) o) izfzm.<o » >-ikmm%k¥-m>&mf- 
<DMm*>&* (5) miey >itmm**m&m*. {i 

11} -Si itMSfaSIS-hlC 1 0 2 5t:W-h 1 0 7 5t; 

iUT»?&£K;6n^ W^JS^^tB^gffi (mo so 
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CVDft) lC«t y , fiKSiS*^ft5>3 0 nmJSLh4 O n 
mtlTt LTffM-TSr i^mtl-SifE (4) t^fE 

[0 0 0 9] £/c*$gWl3:, (6) ±ie (1) fc^u 

(3) jcts^roy ^ikmmm*mfrm*t>>tbtez>myty 

[o o l o] •&fz*&Wte, (7)&*(Si)WM 

-rs^B B Bffii:i5]-w^B B BS^#-r^> y >"fkffla*^^^ 
mm* {111} ^ffitts { 1 1 i } -s i 
o(in) ^faffi^wi-ia^jbfcy ^mmm^m 

*g B B a <0 {111} ^B B Bffl7»^/,CSi£ffi^*L. J.O 

{111} f&M,mkmffitmx-m**iti, mm^mnm 

1 0 ft l-*f U6 OSco^ST-ffiVN^A*^ 

setter tsrwtts u yMi^^ifti. t? 

[0011] 

sii {i 1 1} ^Ktsttss im&ihmfo (* 

B^lBST-f±. {111} -Si t^B B B&tSi:!B*c-r 
5„ ) itC^St^fiScT-^S, ^t*VF (d i am 
o n d ) £?BBfifitg!tf> S i *IM£b b b<D {111} ^S£|: 
14, {10 0} s&^Cfc {110} ,TaH B iS J; 9 "b^{^^ 
J^riSfR£L--C^5„ t*oT, (111) - SiW 9 
S«T-fi, *o>±{ci&m-rz> y y|MiSM*i»i 

y, p^i^^«-g-#ffi^«^-rs»c^m^#-r5„ wmi* 

^*-t-5 {111} -S i ^B B B*«-CJ4*fc, mwiz. 
JEM. Wtlfa<Dmfti<Dj— $ (Oh mi c) 

A. (mQ) iJlT. <tyM4L<(40. 1 mQUTt-rZ 
EE (BffffK Vf) <75^g;V^LED^tfc? 5 i-^M^i-2, <> 

[0012] .# S L< 14 {111} -Si Sffi^ffiJiiC 

(B) tyy (P) <k£»fi!c5c5lfi: UT^tf0iJx.«, B 
. Ali Ga, I ni . < ,Pi 4 As«S(0<a 
SI, 0S/5<1, 0^v<l, 0<a+j3 + vSl, 
0S5<1) ir-TSo ^Jx.<4, B„ Al, Ga, 

In, . , , P, , N, (0<a^l, 0^^<1. 
0 i v < 1 . O<a + 0 + v^l> 0^6<1) frbffi 
fiK-T €>„ m&ft<D V Xkmm (boron monop 
h o s p h i d e : B P) tt, 1ftj$7cX*SflflS (B) fc 
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V > (P) ©^T-fc'J, #7c»«J:0fc*J«S*J»S'>fc 

#«I^JS^«m*afig* (MOCV 
D) ¥SIC«c»), fStaSSrS^2nm«±T'3 0nm 
WTtU y>^OV^7c^i^^cOI I I M7cm<D 

mn<r>&'&it& (mm. v/i i ut) *i 5«±t-6 

0 aT©«Ii Lt^S Ufc y Wfciiiilte, iST-ro« 
ih^r(i*j^3 e Vk-tZysf hVO K=¥-V (w i d 
e bandgap) £ 0>*&SJkflNI 

T, **»fc#-f SHtffi (c 1 ad) Mb LT*lJfflT'# 

[0013] y >{tWI*3R2N**WIM:, 

j*i-3*ttftfle©«M**ia i { 1 1 

1 } -S i SM&algfcl l±0#mttftflsi 3 fit, JUB 
£ y vflM*X¥*flEjgr*e> {ill} feSItWi 
Biri-SjEegA^fcl 3 b ^V>fi3EEg^^<0HgBSr 

{liD te&mk-rzwfimftfci 3 cw^sr&u 

TV^. 1 3 rojgffl 13ali, (111) - 

S i m^alSSco {111} ISfiBKUPITteEltSixfc 

y ^<tw*»i|i3i«c»*«) {111} assume,**. 
iEB uaiii { 1 1 1 } - s i ^ssst 1 1 00m 

[0014] *3SIH<7>#*£i&JItt:, la 2 CD^B^Ilt- 

1 6Sr^bTjEVMCjg^L.TV>5o ^m^ftft: 1 3©rt 
ttlwtt, MAl 5*&&£-&XhZ> a «-4U£ftft:i 3© 

1 3^b*^$^TV>^y yflflBU** 

ttWfc. S*R*<C-f {111} -Si ^bb<0< 1 1 0 
>^ B B B *rr6]lC*i-L^*(cLT6 OS (° ) <Djj\tmcM& 

m&&mm\z'Smttzmmik# 1 3 zM&zitx&tegk 
tsftmam^mmtAv (m) *§ b b b ek:^«&®t- 

HP*>» {111}, [-1.-1.-1.}, 

[i. -1. 1. } ^(Dm&ffix-hz,, ^sffi 

wfimvi<omf&&& 1 3 ©HHS:«*i-5 y 
m?&¥'mftm&(D<smfr<D {111} isitwi* 

{111} «jiS»XAS 14tt5Ml5 

BO, Si m&ik&tiib y ^tta»*¥WttM£0>» 
■f ^v^flcgBfS 5^5 y h (misfit) jg 

*fl£is*-ett, {111} i&ikm&wikmb-tzmgk 
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^iNSffcgJItf) {111} ^fsB^SalittSM'S: 

[0 0 15] aflOffSEttffl*.!*, *^i»le}#rt£i£{- ± 

8E£ (s p o t) 0>*r*S.fc 9*Q*i<5 (S 
B^l^-iW^J ,1997^11^250, 

io m&mmmn% 1 fig, 1 1 i~i 1 3Sti.) „ *fc, 
AWl^^r y y«s^fflsi<o< i i o 

fa\c*mk L-C««Ufc|ilSfH»-h«>< l l 0 >m&J? 

li, < 1 1 0>ttft#fa£;Kft£asfc-*-fcfle«:fciS:: k 
*-C#6. B*fc, -ftco«Ji*&fe (s t 

acking fault) ir*^i"w t -bT-#-5 (_h 

e» rttM?mfcfHfcj ,112 wmm) . 

[0 0 16] ^K^fe-S^SSr^tf^Sflt^*^ 
20 i-*i8J«3flSfc5. »IC {111} ^ B B B B«r3Z B B B ffii:-t- 

<omf£M>m*. mz.&. vv^^mm ( (c : h s ) 3 
b) (ph.) /** (h 2 ) *mw&k-r 

S#JEE©#«&**MMWft«J*ft& (MOCVDS) |c 

cvDfgKiot, y ^tmm&^mte&i&ghm. ¥? 

cDlEiaii, 9 5 OtKUil 1 0 0°C&,T& blzpfii U < 
14 1 0 2 51C~ 1 0 7 S^CcD^fflT-fc-So 
30 ( I n) fc*tf y WM^^^i*^ B B B^<73ff^lCl 
{4, <t U(£jara*?J 9 5 0°C~^J 10 0 O'C^figT-fc 

5„ r/v-?-^^. (ai) «r«fiR5c*i: ur-artfy 

fflB^S^^feslSli, it1gt&3\zmU<?>%) 1 0 5 O'C 
— 110 OtWgtfcS. D120 CC^a^Si^M 
T'»4, BP 6 , B.3 P.^roy ^k«*#*fl:*«384 US 

[0 0 17] 3Kft*rtfc-f*i|ii»SflE&»itsWte: 
ff^-T5»C(4, J5)cfi:CDj^ff§:S^2 0 nm?5^fit^6 0 
40 nmW«5Hi:i-5©^a* UV\ ^SflsW y WkWB^ 

(BP) (ClfooT(4, S^30nm~40nmOSl*O 
6 0 n mSrS^^iSffiT-figft $ 
*fc*tt**lcH:, #&0OT B (^e^Rfe) (wJox., ^ 

fck-rzk. &L&m\cm^xm&.7cm<ov > (p) com 
50 ^ftjssii, iiy (p) (omft. wm^mm-rz v > 
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ikmm& *m#m (Dm^Ttm^ r-o^w^ s sitcom 

[0 0 18] JMg*fc©rt«|5fc**;h,.5„RAM\ «*. 

i gffiil|M£A#ico&^#ffi*>bfg£Lfc5;*7^ •;/ 10 
HE&Ht, *jM£A#cort B lH;:?_E5^AKJ: 9®HZ£*U 

[0 0 19] £fc, *ttt5^7-fy KEffi«)^/j;VN 

hm&-tz>Wi^, mwitm 1 n mait- son mar, 

!E(C«2 nm.iy._h -CI 5 n mKIT <b "T -5 C0#£?* 

[0 0 2 0] X*«r£tr]MMtt«r*£- S«-CNtALft: 
#^al®»*SS|J«, T*cOS i mSBBS«ffl!l*»53mii 30 
Lt*55^7^ HEM__a«<J»fe<, iNMIt£lwffH%«4fi 

fetts. 0 3Jc«5S#ifc*-*-*D<, i£*£Afr<o {i i 

i) m&mfrbtezmmi 7\zT&m.-rz>\&ik<n^7-m 40 

t (hk 1) 351-1*, h = k = 1 = 1 CO {111} (O 
{110}, (100}fef B im5o 

{ h k 1 } igAfioifteAfte) {111} msh&mmz. 
tevzmm (=d) A**MiE««:ft*© y v<ka 

XX¥*fflMKfcoTI*, d (A) = a/ { (h 2 + 
k 2 + l 2 ) 1/2 • s i n 0} fetiS. a (A) 11 

y >{k:W*3Ri|ti»#:iBA©* : T-3t*-C*> 0 , 9 f* { 11 
1 } H£*B l 7 _:- ; etbtc355ii-?,^f B Bt^/ tC i-^^ 

r ) T-fo5 0 yv-rtaa^ (bp) #^as» 

^S±(C, *©*Bi«:*rifrra BP 3 CO {1 50 
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i l) ^Asta^tc^M-rs {110} Mmbfc=f- 

Tim (^3. 2 1 A) Id— fH"5, A^Aco (l. o. 
0. 0. ) tt*ffi«:EyiJLfc*^ytt»ft_-_ (Wu r t 
z i te) COlKfctfy H • -Y VS?*A»A (Ga,.,, 
I n....N) ^ASSr±Sai-5fiSj755±lf btt5„ ico«| 
fci£AttK§E*i.5MAJ§«:. ft|;tlf, SSftSf^-l-ifc^ 

[0021] y ^itm^Ws^^^f^ 

liLED Srfg JiSc-e# LED »i#J;lli\ pl(ll 
1} -S iMilfih X«E±IC«» (B) 
(P) tSr^tp#AKo««JlS:^L-CjsK«l,fc*3BW 
l:6W P f!J>« (BP) &&&®b, &m*m 

znmv^itmm (bp) &%nkmb*:ffix.izimmmm 
fr&mcmtfL-ez z>„ ■m.u.x'<nm±mm^m 3 evtt 

3t»Sr»«p-r5^?5/ K (clad) ^tUTfUfflT't 
S„ SSftgliG a, I n, ,N (0_SXS_ 1) ^V^liy V 
ikm.iklf}) VJ* (G a N, » P, : 0 < Y_5 1 ) /«£ 
3#F (we 1 1) ®Sr(ix.fc*— *V>tt#ficoS^# 
F (Quantum We 1 1 ) MA>?>*^t5r t 
t>T?#5. #F^«C*t-T5/<y T (b a r r i 

e r) Jf§i-t_§;{[_7VW5:=7A (A 1, G a, , 

N : 0 _S X 1 ) ^G aN, 2 P Z ( 0 _S Z < 1 , Z < 

nMV^ikmmg>'&g , BmiZnffi.7t—?.~yi? (Ohmi 

c) nm&m-t. pj^s i^iisoiitp 

[0 0 2 2] TV K— 7* (u n d o p e) T'ffitg 

ftodiu -si mte&mmb. m^±\^mm 

(B) (P) t*:^tf#teA«>««JiSr^U-Cfifc 

ftLfcet^ (o) ^ssjpsnfcssffifetcoy ^itmm&m 

AJft, #^Ag-h{Cjl5*fi«<0n)gig{t^ y 7^ (Ga 

n) e^stt® (m^nm) t ^Tffix.tzmmmmfr 

frbte. ^TD^StDM^hyy-^^ (FE 
T) ^COm^X-'W^&«figT-#5 c , FETtt, SttS 

±tc->3 yh*- (schottky) s-a-scoy— h 

(g a t e) ®H?r, *fciSHtJI±»-aOiLfcn»=»^ 

hScoi^fficoy- h«a«r*A/-c»iAii-sffi:«fcy 

— ^. (source) MKKV (d r a in) 
[0 0 2 3] 

*-^tf S i m^AS«i: y vftflHRXiMI 
^tCO*&^5^.-7-y^(-igH-r5 5^7-< y b^{i£0± 

[0 0 2 4] 
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mmm] j^ti^, din - s i iMSAs«±tc* 
»fii^645 v xtmm (bp) mzmx-tzmmmm: 

[0 0 2 5] *H»]CI^^LED 1 B0>¥ffi«5tia 

LED 1 B(7)»fSm^;Il*(ll5{C^-r o 
[0 0 2 6] L E D 1 Bfflii<7)«S«iift: l AI4, ■* 
(B) K-^pfW (111) ffi^P>2° ^ (o f 
f) LfcSB**1-5S i 0 1 t LTM 10 

Ufc 0 S«l 0 l_b(a4, ( (C 2 H S ) 

3 B) /^7^y (PH,) /7k^ (H 2 ) ^ffiTBEMO 
CVVmcXV)^ 3 5 0tt\ a s -g r ownOtlt* 
#A«££ft£-T5y ^{bW**>&fc5««S 1024- 
±£S Lfc 0 HSrJl 10 2 tf>SffJ4#*J 1 0 n m t 

[0 0 2 7] 102 <Z>3lffiU:f4, lE^MO C V 

D^ffi/fcg#©£flJffiLT, 1 0 5 Ott^fal^e) 
^^pff^yyftli (BP) J§1 0 3£aJiL*: 0 /& 
fta«ttft»4 0nmtC»^tfc. p^y^kiiii 
0 3 0^y7iglil X10"cm 3 a, Jf 20 

ffift4 0 0nmi:lfco P » V ^fcflUlWi 1 0 3 <D^ 
&.X*<DmikftmittJL, 3. 0eVt^ofc 0 

[0028] mmmm^mnm (t em) srfijjB Lfcw 

0 3©rt»©«ft«SSr(H«fLfco H6K1S iW^AS 
filOl^XHO >JI£A*faicWfc«^*teAat£ 

itx#/cp^y v^ffl^Ji i o zcom$x'<*— ><om^ 

fbfflHigJf l o 3 *i|UMtt i03a(7) (in) 
^Sffitcsjfc-rsiaws^i 911 < 1 1 1 >^ B B 0 *r^ 30 

IC^frM. S i WSA&Kl Olp (111) JSififfiK: 
«9 N i&@,f|# 1 0 3 a (j;, Si mm&mm&ffiVX 1 1 

1 >m^m^wfr\^, ]) >i\mm<o {111} ^as 

tfrEW^Tf^KK % £® 1 0 1 (OS i JW£sb<£>< 111 

>&&%fa\zMm\^it.#&&»i 0 3 a <nmmi&&%:& 

»ttw*.fr'£LT, iE»K {111} ^fiffi^f B St 
f ^>^ B 3 ^b^lHl5f9E^2 1 feflfcBSixfco r^J:«9. 

0 3 att { 1 1 1 } «SffiS:3XSiSti-5S 40 

2 1 (DGLWtfrb. SSIliB P^ B 3 B (0< 110 >&gkJ? 
[S](^lM(at6 0ftO^f^^#ffiUT^^(^^ 

[0 0 2 9] p^y >{fc5B*e 1 0 3 0>*ffiU:i4, by 
y^U^y-JA ( (CH 3 ) 3 Ga) /MJ^wy^ 
*A ( (CH,) , I (NH S ) /H 2 ^ 

jEMOCVD*£i£<fc «9 , SSOtt'A^nr^Ifc 
#y £A • V-v^A (G a 0 . 90 I n 0 . 10N) ^5>45 
^TtS 1 0 4 frM Lfc 0 3§7fcJt 1 0 4 <Z)j|j£tttt 1 0 50 
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nmt LfZo 

[o o 3 o] mitm i o 4(omm±i l z^ &&&m*>**> 

fc. ngyyftllil0 5ll ±|SC0MOCVDM+i 

fiSfi^asrfUfflur. 1 o 5 ox:xmmi^tc 0 f&^mm. 

f4S# 3 0 nmCSS Lfc 0 ni!iy«fl0 5 

f4, ±ta<?)p^yyMiii0 3i:ie]«i^ bpco 
(111) ttAffi^&«&£egs^omi£A^i o 5 

li^ty7SS[i8XlO l8 cm^U SAC € 
fffijfi 3 0 0nmi Lfc 0 n y 10 5 (O^L 

UX(Dm±^^±R,, 3. OeVtfcot 

[0 0 3 1] «^«Ua«fHJK± 9 , n ft$ y WtflHStJS 1 
0 5 1 0 5 a CO { 1 1 1 } JSSffite. 

(Ill) -Si tft&ASftl 01(7X111 >ttft* 

fS]^5Ffr(ciB^iJU'Cl>fCo IM«i0 5a^A 

fflSKtt, BPg B a 0 o {111} g B H a S$:Mffii:t51 
A^#£a*«B£ixfc 0 lilliB P*£A<£>< l l o > 

[0 0 3 2] ^ra^lh^ipS^joJ:^3. OeVtt5p 

iywMi i o 3xvnjgy v^^s lost, 

0 4t^bpn^I^;^fP (DH) mit^^Tt 
Wl 0 6^«j^Lfc 0 

[0 0 3 3] n ^ y WbflKSf Jf 1 0 5 cO^fficD^*^^ 
14, 6I8ftS:i*a5n»©n»^^ y^Sffil O 7 
^I2MLfc 0 n^t-V7^ISl0 7{l 4k (Au) 

./?Vl^-r>^ ( Ge ) ^fe/^y'TJV (N i ) /^CO 

— ^ v $ Wfc 10 7 COiilSte&J 120/imi: L/c 0 ^ 

ti, pios i ^assi o i <Dmm<Dfa±mz^ 

pT&Jr— ^ ytmMl 0 8£iagLTLED 1 B ^«^Sc 

(a i ) *tsai#Hi^e>«i^Lfc. s i it$is«i o 

IS: [2 11] ^iSl^^ffR^SitETfc^rSi^aWrLT. 
— 522 Sr*?J 3 0 0 |imtt5E*^LED 1 B ^ Lfc D 

[0 0 3 4] nftt*— * y?mMl 0 7 (Au) | 

Sr^Lfc®, n®t-v>^ISl0 7MpW- 

^ vtmMi o 8 t<7)F5J-m*r&]{c 20; yry-<7 

(mA) <^f!if^a^*iiJKUT**#ttSrIISaEbfco 51 
* c f , ^iSfi:{4^4 2 0 nmiftofc, h/^<0 
^ffliU (FWHM) (43 2 nmi:^o/c 0 *^KT*f4, 

^ hteffico^SoiSv^p^y WtfflH^S 10 3 
ZTmmt ITMl 0 4*Mt5Mt Lfcfc 
ft. »*«*^tt*3B*^«Fl» (dark line) 

(5p^ 7 ^5^ 2 0 0. X^EIS (*) ^tT5KS, 1 5 
5-1 5 6IW (4ft^^tL-f> »*««<D£aB*>& 

*a»»Sr*JfflUrjH3e*tL5^y^ (chip) ^ 
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X'<r>m&(t8 5 ^VT7 (mcd) bt£9* M^.^ 
JgcDLED^tHft^tLSC t tftofc, LED1 

B^fssfc-SJi (i-v) wtti-tt, ettro^si-a-s 

^Efrtfj&ItJE^ A (localbreakdown)O 

^-^imffi (BrlB, Vf) Ii3. 6 V (H;£ft®8tt= 2 0 
mA) "C, j^*r6]®II*6V (iS»*-|6]SJft= 1 0 

[0 0 3 51 

[35W0>8b*] **91-Ctt, ^ffi£r (ill) -*t B B B B 
ir-TS S i DMSfiSIRJifciKitS 'J yftliS^ffti 

#«r*i-*3S;E|-C*>3 0 
[0 2] **W»c:ff*#«*»o««S:^i-sPiB*SCH 

[03] y WISH*******© { 1 1 

[01] 
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[0 5] 0 3<75fiS^X-X' lCfiofcLED«»rS^5C 
0T*fc£ o 

[0 6 ] *«n«>&ittticff& y vfcflxaovNitei 
[flF*«>M9U 

1A 

I B LED 

II Si WMSIK 

l 2 y vftMf*¥*{*#«rM 
10 l 3 WHrAtt 

l 3 a HUSfiticojEfi 

i 4 M&m 

1 5 2JJbI 

1 6 l|Ufcfttt«>S6-fi 

1 7 IHMfiftflEO {111} &AS 

18 { h k 1 } B 

19 y WOT^^al^CSff^^iy h 

20 si m'&&mm<o\mmx# ? y 

2 1 W.&<n>&fc*i$.v V 
20 10 1 Si 3M$ B 1£& 

10 2 i»®jjf 

10 3 P u y WUMJI 

10 3a 

10 4 3§3fcJl 

105 n m y v-fuwiUJi 

10 5a 

1 0 6 ^3tST5 

107 nft-iyi'ti 

108 pft— 

[02] 
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CA40 CA65 

AA04 AB15 AC01 AC09 AD13 
AD14 AD15 AE29 AF03 CA09 
KA01 KA05 



